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Abstract - Flexible pavements deform due to heavy wheel loads beyond its design. This results in the distress or 
deformation of the pavement surface. One of the such distress is rutting which ultimately damages the entire pavement.. In 
this study, modified binder is used which reduces susceptibility to temperature thus imparting stability to pavement surface. 
In addition, Marble Dust has been used for the preparation of the mix as filler replacement as is abundantly disposed in open 
landfill which is causing serious problem to the environment as well as to the mankind. From the Marshall test conducted on 
these specimens, the highest value of Marshall Stability was obtained at 6% Marble Dust as filler replacement in Polymer 
Modified BC mix. The Optimum Binder Content obtained is 5.53% for Polymer Modified BC mix for varying proportion of 

Marble Dust as filler replacement. 
The rut specimens are produced with conventional mix as well as with Marble dust as filler replacement in order to compare 
the results. The developed specimens are tested in the Immersion Wheel Tracking Equipment with a standard Tyre pressure. 
The values obtained are the rut depth of the specimen when subjected to 10000-wheel passes. The analysis was made on all 
the values obtained from the rutting test to evaluate the rut resistance offered by the Polymer Modified BC mix containing 
Marble dust as filler replacement. 
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I. INTRODUCTION 

 

General 

Rutting is one of the major flexible pavement 

distress. It is the sunken track made by the wheel, 
which indicate permanent pavement deformation. The 

major cause of rutting is high pavement temperature, 

lesser subgrade strength and heavy traffic loads. 

Rutting is caused by deformation due to load from the 

traffic on one or more pavement layers. Due to 

repeated wheel loads on the road, surface depressions 

are caused. This further leads to pavement 

deformation. Rut causes the severe effects during rain 

as they are filled with water. Rutting reduces the 

pavement life. If the rut depth is more than water 

penetrates in to pavement layers. Traffic is going on 

increasing in terms of number of vehicles, weight and 
tyre pressure. 

 

II. EXPERIMENTAL PROGRAM 

 

The first step includes to determine the properties of 

the aggregates, binders and the filler material used for 

the preparation of Bituminous Concrete mix. Second 

step includes determination of the Marshall Properties 

for the Bituminous Concrete mix with and without 

filler replacement and also to determine the optimum 

binder content and optimum filler content for the 
above type of Bituminous Concrete mixes. The third 

step includes checking the rutting resistances of the 

bituminous concrete mixes for varying percentages of 

the filler replacement. 

Aggregates 

Aggregates are used for the preparation of the 

Bituminous Concrete mix and forms major part of the 

mix. The aggregates are the natural rocks which are 

crushed into required sizes. The aggregates used 

should be possess adequate strength, durability, 
hardness, toughness, resistance to abrasion and wear 

and tear. The physical properties of the aggregates 

which are obtained from various tests conducted on it 

are shown in the table 1 below. The coarse aggregates 

and fine aggregates were separated according into 

their respective sizes by sieving it using different 

sizes of sieves. The gradation is obtained by 

proportioning coarse and fine aggregates to get a 

desired type of Bituminous Concrete mix. The 

gradation is designed for the Grade II Bituminous 

Concrete mix. Figure 1 shows aggregate gradation for 

Bituminous Concrete Grade II are shown. 

Filler 

The filler used in the work is Marble Dust which was 

procured from Jigani, Bengaluru. Marble Dust is very 

fine and white in colour because of the presence of 

pure dolomite content. Specific gravity of Marble 

dust is found to be 3.04. 

Binder 

The Binder used in this work is Polymer Modified 

Binder 70 (PMB 70). PMB 70 is modified binder 

which is widely used because it reduces temperature 

susceptibility of the binder and improves the stability 
of the mix by imparting visco-elastic properties to the 

bituminous concrete mix. It offers better resistance to 

deformation at high temperature and flexible and 

elastic at low temperature. Tests conducted on the 

Modified binder PMB 70 are shown in the table 2. 
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Figure 1: Gradation for Bituminous Concrete Mix 

 

Table 1: Test results on Aggregates 

Sl No Test on aggregates Test Results 
MoRT&H 

specifications 
IS CODE 

1 Impact Test 19.27% Max 24% 
IS: 2386 Part IV 

 

2 Crushing Test 20.13% Max 30% 
IS: 2386 Part IV 

 

3 
Combined Flakiness and 

Elongation Test 
27.69% Max 35% 

IS: 2386 Part I 

 

4 Water Absorption Test 0.15% Max 2% 
IS: 2386 Part III 

 

5 Los Angeles Abrasion Test 24.92% Max 30% 
IS: 2386 Part IV 

 

6 Specific Gravity Test 2.675 2.5 to 3.2 
IS: 2386 Part III 

 

 

 
Table 2: Test on Polymer Modifies Binder 

Sl No Test Name Result Standard Value IS Code 

1 Thin film oven test    

1a 
Penetration value before 

conducting test (mm) 
79 50 to 90 IS-1203 

1b 
Penetration value after 

conducting test (%) 
30.3 Reduction, max up to 35% IS-1203 

1c Loss in mass (%) 0.11 1.00 IS-9382 

1d 
Increase in softening point, 

°C, Maximum 

4.1 

 
Maximum by 6°C IS-1205 

2 Separation Test    

2a 
Softening point value before 

test (°C) 
60.8 Minimum, 55°C IS-1205 

2b 

Softening point value after 
test (°C) 

Top portion 

Bottom portion 

 
 

47.9 

50.5 

Difference in softening 

point, R&B, Maximum, 3°C 
IS-1205 

3 Specific Gravity 1.03 0.97-1.02 IS-1202 

4 
Flash Point, COC, °C, 

Minimum 
235 220°C IS-1209 

 

Marshall Stability test 

Marshall Stability test is conducted to determine the 

optimum binder and filler content to be used for the 

design of bituminous concrete mix to be used for the 

rutting specimen. Marshall Specimen were prepared 

using varying percentages of PMB 70 (4.5%, 5.0%, 

5.5%, 6.0% and 6.5%) in Polymer Modified BC Mix 

using Marble Dust as filler replacement. The content 
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of Marble Dust used in the mix varies viz., 2%, 4%, 

6% and 8%. The test is conducted on every specimen 
with and without Marble Dust as filler replacement. 

Before the test, the prepared specimens are places in 

the water bath of temperature 60°C for 30minutes and 

then subjected to the test. The highest value of 

stability and corresponding flow value for each 
specimen is noted down. Hence Marshall Properties 

and also the optimum binder and filler content are 

obtained from the following results shown in table 3. 

 
Table 3: Marshall Properties for Polymer Modified BC mix with and without Marble Dust as filler replacement 

 
 

Rutting Test 

Preparation of Rutting specimen 

Take the aggregates of size 20mm, 12mm, 6mm and 

stone dust and Marble dust for different Bituminous 

concrete mix with Marble dust as filler replacement. 

The dimension of the beam specimen is 600mm x 

100mm x 75mm. The binder used is PMB-70 for this 
project. The procedure for the preparation of sample 

are given below: 

Weigh all the materials to prepare the mix of required 

quantity for each specimen like 20mm, 12mm, 6mm, 

stone dust and alos Marble dust. Even weigh the 

binder used for the mix which is modified binder, 

PMB-70 as per requirement. 

Blend the aggregates in the pan and heat the 

aggregates to about 165°C to 185°C and heat PMB-

70 on an elecrtric stove so that it melts and is 

transformed into pouring state to temperature about 

165°C. Mix the hot bitumen into the aggregates and 
heat the mixture to about 165°C to 185°C. For the 

mix with filler, weigh some quantity of marble dust 

as much as it is required, then add it into the pan with 

aggregates. Heat the mixture and blend it properly 

with PMB-70. Then poured the prepard mix into the 

ruttinh mould of specified dimension when the 

temperature is about 130°C to 160°C. 

The mix in filled in the mould and it is compacted 

using plunger in Universal Testing Machine (UTM) 

to expel most of the air voids and to bring the 

specimen into specified thickness. The specimen is 
compacted to a temperature of 115°C to 155°C. The 

specimen is left for 24hrs in order to allow the mix to 

set and form proper rectangular beam specimen. Then 

demould it after 24hrs and measure the dimensions 

and the density of the beam specimen. 

 

III. ANALYSIS AND DISCUSSIONS OF TEST 

RESULTS 

 

The Rut specimens are prepared for the Polymer 

Modified BC mix with and without filler replacement 

for optimized value, upper and lower limit of the 
stabilized value of Marble dust as filler. The 

specimen thickness is remained constant to about 

50mm and also the Tyre pressure provided by the 

wheel arrangement on to the surface of the sample is 

maintained 10.4kg/cm² for all the specimens as 

shown in figure 2. The speed of the wheel is varied to 

about 20passes/min, 25passes/min and 30passes/min 

which is subjected to different specimen to 
understand the resistance offered by Polymer 

Modified Bituminous Concrete mix to rutting. 

 
Figure 2: Immersion Wheel Tracking Equipment 

 
Figure 3: Graph of Number of Passes versus Rut depth without 

filler replacement in PMBC mix 

 
Figure 4: Graph of Number of Passes versus Rut depth with 

6% Marble Dust as filler replacement in PMBC mix 
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Table 4: Rut Depth for Polymer Modified BC mix specimens with and without Marble Dust as filler replacement  

No of wheel passes/minute 20 PASSES/MIN 25 PASSES/MIN 30 PASSES/MIN 

Without filler replacement 4.18 4.84 5.845 

4% Marble Dust 3.55 4.59 5.24 

6% Marble Dust 3.13 4.03 5.15 

8% Marble Dust 3.98 4.71 6.31 

 
Table 5: Rut depth Progressive Index for varying percent of Marble dust replacement in Polymer Modified BC mix 

Varying Percentages of Marble Dust Rut Depth Progressive Index (RDI %) 

0% Marble Dust 11.859 

4% Marble Dust 10.757 

6% Marble Dust 9.369 

8% Marble Dust 11.309 

 

For the Polymer Modified BC with no Marble dust as 

filler replacement of thickness 50mm and tyre 

pressure 10.4kg/cm². The gradient obtained from the 
figure is 11.859%. Polymer Modified BC mix with 

4% Marble Dust as filler replacement which is tested 

under tyre pressure 10.4kg/cm² and specimen 

thickness of 50mm, the gradient obtained from the 

graph is 10.757%. 

Polymer Modified BC mix with optimized value of 

6% Marble Dust as filler replacement which is tested 

under tyre pressure 10.4kg/cm² and specimen 

thickness of 50mm, the gradient found for varying the 

speed of the wheel is 9.369%. The specimen of 

thickness 50mm of Polymer Modified BC mix with 
8% Marble Dust replacement which is tested under 

the tyre pressure of 10.4kg/cm² for which the gradient 

obtained is 11.309% as shown in tables 4 and 5. 

From the above tables and figures 3 and 4, it is 

inferred that the Rut Depth Progressive Index (RDI) 

is least for the Polymer Modified BC mix with 

optimized value of 6% Marble Dust replacement in 

filler in the above mix. Hence the mix offers high 

resistance to rutting when compared to all the others 

mixes with different percentages of Marble Dust as 

filler replacement Polymer Modified BC. 

 

CONCLUSION 

 

The specifications are satisfied which are set by 

MoRT&H like Marshall Properties viz., Flow, 

Stability, Bulk Density, Voids filled with Bitumen, 

Voids in Mineral Aggregates and Air Voids in 

Polymer Modified BC mix with and without Marble 

Dust as filler replacement. 

The Optimum Bitumen Content is comparatively less 

in Polymer Modified BC mix with Marble Dust as 

Filler replacement than the mix without Marble Dust 
replaced as filler. 

Polymer Modified BC mix with optimized value of 

Marble dust as filler replacement offered high 

resistance to rutting when compared to mix with and 

without different percentages of Marble Dust 

replacement as filler in the mix for varying speed of 

the treaded wheel. 

With the increase in the speed of the wheel when the 
specimen of Polymer Modified BC mix is tested for 

optimized and varying value of Marble Dust as filler 

replacement, it has been found that resistance to 

rutting is higher when the speed of the wheel is low. 

Same manner of performance was observed for 

Polymer Modified BC mix with no Marble dust 

replacement as filler. 

The Polymer Modified BC mixes were prepared with 

different percentages of Marble dust viz., with no 

filler replacement, optimized value, upper and lower 

limit of stabilized percentage of Marble dust 
replacement, it is noted that the Polymer Modified 

BC mix with optimized value of Marble dust 

replacement showed least resistance to rutting. 

The Rut Depth Progressive Index (RDI) was least in 

the Polymer Modified BC mix with optimized value 

of Marble Dust as filler replacement. 

It is evident that the slope or gradient is more for the 

Polymer Modified BC mix with no Marble Dust than 

the same mix with filler replacement. This infers that 

the Polymer Modified BC mix with Marble dust 

replacement shows high resistance to rutting. 
 

REFERENCES 

 
[1] Brajesh Mishra, Ravi Shanker Mishra, “A Study on Use of 

Industrial Wastes in Rural Road Construction”, International 

Journal of Innovative Research in Science, Engineering and 

Technology (An ISO 3297: 2007 Certified Organization) Vol. 

4, Issue 11, November 2015. 

[2] Satish Chandra, Praveen Kumar & Berhanu Abesha Feyissa, 

“Use of Marble Dust in Road Construction”, Road Materials 

and Pavement Design. Volume 3 – No. 3/2002. 

[3] Sigit Pranowo Hadiwardoyo, R Jachrizal Sumabrata, Raden 

Hendra Aryapijati, Nurul Wahjuningsih, Aldila Kurnia1, 

Rifki Abrar “Identification of The Rutting Performance on 

Modified Asphalt Mixtures By A Laboratory Investigation 

Approach”, The 2nd International Conference on Civil 

Engineering Research (ICCER 2016), January 27th, 

Surabaya, Indonesia. 

[4] K.Ganesh, Sunil kumar.V.Beli, BMS College of Engineering, 

“Studies on Effect of Wheel Configuration- Temperature and 



International Journal of Advances in Mechanical and Civil Engineering, ISSN: 2394-2827 Volume-6, Issue-2, Apr.-2019 

http://iraj.in 

Evaluation of Rutting Performance of Polymer Modified Bituminous Concrete Mix using Marble Dust as Filler Replacement 

 

43 

Type of Binder on Rutting Characteristics of Bituminous 

Concrete Mix”, International Journal of Innovations in 

Engineering and Technology (IJIET) 

[5] Amit A Pawar, “Evaluation of Rutting characteristics on 

Bituminous Concrete mix using Rice Husk Ash (RHA), 

Mtech thesis completed year 2014. 

[6] S K Khanna, C.E.G. Justo, and A Veeraragavan, “Highway 

Engineering”, revised 10th Edition, 

[7] S K Khanna, C.E.G. Justo, A Veeraragavan, “Highway 

Material and Pavement Testing”, Ministry of Road Transport 

&Highways Specifications, 5th edition. 

 

 
 

 

 

 

 

 

 

 


